We investigate the accretion rate, bolometric luminosity, black hole (BH) growth time and BH spin in a large AGN sample under the assumption that all such objects are powered via thin or slim accretion discs (ADs). We use direct estimates of the mass accretion rate,Ṁ , to show that many currently used values of L bol and L/L Edd are either under estimated or over estimated because they are based on bolometric correction factors that are adjusted to the properties of moderately accreting active galactic nuclei (AGN) and do not take into account the correct combination of BH mass, spin and accretion rate. The consistent application of AD physics to our sample of Sloan Digital Sky Survey (SDSS) AGN leads to the following findings: 1. Even the most conservative assumption about the radiative efficiency of fast accreting BHs shows that many of these sources must contain slim ADs. We illustrate this by estimating the fraction of such objects at various redshifts. 2. Many previously estimated BH growth times are inconsistent with the AD theory. In particular, the growth times of the fastest accreting BHs were over estimated in the past by large factors with important consequences to AGN evolution. 3. Currently used bolometric correction factors for low accretion rate very massive SDSS BHs, are inconsistent with the AD theory. Applying the AD set of assumptions to such objects, combined with standard photoionization calculations of broad emission lines, leads to the conclusion that many such objects must contain fast spinning BHs.
particular, the escape time of the photons emitted in such flows, close to the BH, can become longer than the accretion time, leading to advection and reduction in the mass-to-radiation conversion efficiency. This is usually referred to as the "saturated luminosity" of slim ADs. In addition, a hot corona can develop over a large part of the surface of of a slim disc and the overall SED can differ substantially from the thin disc SED. The result is a significant modification in the well defined relationships between accretion rate, BH mass and BH spin predicted by the thin AD theory. A recent work by Wang et al. (2013) argued that extreme slim discs, with L/L Edd ≫ 1, can be used as a new type of "cosmological candles" since their bolometric luminosity, L bol , is directly proportional to the BH mass with only a weak (logarithmic) dependence on the accretion rate. Additional properties of such systems, as well as the basic terminology used in the study of such systems, are explained in the recent study of Pu et al. (2013) Despite their very intriguing physical properties, and the potential observational consequences, the fraction of slim ADs among AGN remains unknown and poorly studied This work investigates the accretion rate, bolometric luminosity, growth time and spin of active BHs in large AGN samples. We start from the basic assumption that all active BHs are powered by ADs whose mass accretion rate,Ṁ , is given by the standard thin-disc approximation (e.g., . We then study the implications to active BH in large AGN samples which we divide according to their BH mass (MBH) and redshift. §2 describes the calculations of L bol and L/L Edd under different assumptions about AGN discs. In §3 we apply these calculations to a large sample of Sloan Digital Sky Survey (SDSS) AGN and show that even the most conservative assumptions about the radiative efficiency lead to the conclusion that the fraction of slim ADs must be large, at all redshifts. We also investigate the growth times of active BHs and show why previous estimates of this time might have been wrong. Finally we make a connection between low accretion rate in high mass BHs and the BH spin. §4 summarizes the results and the major conclusions of this paper. Throughout this work we assume a cosmological model with ΩΛ = 0.7, Ωm = 0.3, and H0 = 70 km s −1 Mpc −1 .
CALCULATIONS
The goal of this work is to explore a broad range of physical conditions that determine L bol and L/L Edd in AGN with different BH mass and accretion rate. This is done under the assumption that the entire continuum spectral energy distribution (SED), except for the hard X-ray regime, is emitted by a central thin or slim AD. We assume that all the energy is provided by mass accretion and re-radiated by the AD. There are certainly some exceptions, especially among nearby low luminosity AGN where the X-ray luminosity is a large part of L bol . This is true for only a small fraction of the population considered here and will be neglected for the rest of the paper. Most present day AD models are based on the original blackbody (BB) thin-disc model of SS73 with various modifications, such as a more accurate general relativity (GR) treatment and improved radiative transfer in the disc atmosphere (e.g., Hubeny et al. 2001; . Such modifications are important when comparing a detailed theoretical disc SED to real observations. As is evident from composite AGN spectra such as the ones presented in (e.g., Vanden Berk et al. 2001; Richards et al. 2006) , a large number of AGN SEDs cannot be explained by simple (BB) AD models. The additional modifications, especially those related to the radiation transfer in the disc atmosphere, can improve the agreement considerably. In particular, there are good reasons to assume (see below) that the global energetics of of such systems, as well asṀ , can be reliably estimated by such models once the BH spin (a) is taken into account.
Our work makes use of thin AD calculations. The numerical code we use is the one described in Slone & Netzer (2012) . It is based on the SS73 set of assumptions with a fixed viscosity parameter α (taken here to be 0.1) and a spin-dependent innermost stable circular orbit (ISCO) which determines the mass-to-radiation conversion efficiency η. The model incorporates a full relativistic treatment for all spin parameters (a) larger than zero and takes into account Comptonization of the emitted radiation in the disc atmosphere. For a < 0, it neglects GR effects but not the atmospheric Comptonization. This is a fair approximation since for such spins, the ISCO is far enough from the BH (between 6 and 9 gravitational radii). The novel ingredient of the model is the ability to include the effect of mass outflow from the surface of the disc. The current application of the model, however, assumes no disc wind.
For thin ADs, and long enough wavelengths, the mass accretion rate, bolometric luminosity, monochromatic luminosity (Lν ), or monochromatic observed flux (Fν),are related thorough various known expressions derived by Collin et al. (2002) , and several others 1 . We express them here in a somewhat modified way, based on Netzer (2013):
where M8 is the BH mass in units of 10 8 M⊙,Ṁ⊙ the accretion rate in units of M⊙/yr, and DL the luminosity distance. The inclination dependent term, f (θ), includes the normalization of the emitted flux and the angular dependence of the emitted radiation. It can be expressed as:
where i is the inclination to the line of sight and b(ν) is a limb darkening function which, in many situations, can be expressed in a frequency independent manner, e.g. b(ν) ≃ 2. The constant f0 depends on b(ν). For b(ν) = 2, f0 ≃ 1.2 × 10 30 erg/sec/Hz and for b(ν) = 0, f0 ≃ 9.5 × 10 29 erg/sec/Hz. All SEDs shown in this work are for face-on discs (cos i = 1) with a frequency independent limb-darkening factor of b = 2. Throughout this work we use the normalized (or Eddington) mass accretion rate defined bẏ
where L bol = ηṀ c 2 and L Edd = ηṀ Edd c 2 . We assume L Edd = 1.5x10 46 M8 erg s −1 which applies to solar composition gas. Using this definition,ṁ=L/L Edd . Throughout the work we useṁ rather than L/L Edd . showed that estimates ofṀ based on expressions like Eq. 1 are in good agreement with the more detailed AD calculations provided the comparison of observed and calculated Lν is made at a long enough wavelength (which they took to be at 4861Å). We demonstrate this in Figure 1 using our own calculations for two BH masses, 10 7 and 10 9 M⊙, and several values of the spin parameter: a = 0 (solid lines), a = 0.998 (dashed lines) and a = −1 (dotted lines). For each MBH we show two calculated spectra with different normalized accretion rates,ṁ=0.03 (squares) andṁ=0.3 (triangles). We chose two representing wavelengths that are used in many studies of AGN: 5100Å and 3000Å (for more information see the figure caption). As expected, the deviations from the simple analytical prediction of Eqn. 1 increase with increasing MBH and with decreasing wavelength. The diagram shows that using the flux at 5100Å, the estimatedṀ is in reasonable agreement with the calculations even for very massive BHs with MBH ∼ 10 9 M⊙. The deviations can be larger at 3000Å, in particular for the case of the lowest spin, a = −1. The basic assumption in is that all AGN are powered by thin ADs whose mass accretion rate can be determined from the value ofṀ derived from continuum observations at 4861Å. They then integrated over the observed and extrapolated SED and obtained the resulting L bol for every object in a large sample of PG quasars. The combination ofṀ and L bol was used by them to estimate η. The results were used to claim a strong correlation between η and MBH in this sample. Here we take an orthogonal approach that is also based on thin ADs but treats η as a real unknown and uses the estimatedṀ to probe the entire allowed range of L bol in a large AGN sample. We then compare these estimates to various empirical methods used in the literature to obtain L bol and henceṁ.
Empirical methods to estimate L bol from optical-UV observations are discussed in numerous papers, most recently in, e.g., Trakhtenbrot & Netzer (2012, hereafter TN12) , Runnoe et al. (2012) and Kelly & Shen (2013) . TN12 adopted the luminosity dependent bolometric correction factors of Marconi et al. (2004) . These bolometric correction factors are marked here by b λ , e.g. b5100. They convert λL λ at a chosen wavelength to L bol . The 5100Å bolometric correction factor used by TN12 can be approximated by a simple expression that takes into account the fact that it decreases logarithmically with L5100. Thus, to a good approximation,
Other factors can be approximated in a similar way, e.g. b1400 = 0.5b5100, etc. The correction factor used by Kelly & Shen (2013) is adjusted to rest-frame 2500Å with a luminosity independent value of b2500 = 5. Given a typical SED for luminous AGN, this is very similar to the other expressions given here. The above estimates should be compared with theoretical bolometric correction factors for thin ADs. Such a comparison is shown in Table 1 , where we list theoretical, AD-based values of b5100, alongside the empirical expression of Eq. 4, for the various models shown in Table 1 . Face-on bolometric correction factors for the disc models shown in Fig. 1 Fig. 1. All numbers are calculated for face-on discs. The table shows that in some cases, the theoretical factors are similar to the factors given in Eq. 4 (after allowing for disc inclination). In others, the deviations are very significant. The last column in Table 1 lists the fraction of the Lyman continuum luminosity, L(E > 13.6 eV)/L bol , emitted by such discs. As shown in §3, this can be linked to BH spin in large mass, low accretion rate BHs.
RESULTS AND DISCUSSION

The "correct" L bol andṁ
Having introduced the calculations and their limitations, we now apply them to several large AGN samples in order to examine three issues: the range of expected L bol andṁ under the assumption of thin ADs, the consequence to BH growth times and spin, and the fraction of AGN where the thin disc approximation no longer applies.
In what follows we are not interested in the absolute number of AGN with different properties. Because of this, our estimates do not take into account well known selection effects, especially near the flux limit of the SDSS sample (see, e.g., Kelly & Shen 2013; Wu et al. 2013) , that are of fundamental importance for calculating various cosmological properties like the luminosity and mass functions of AGN. We are only interested in the often-neglected ways by which the AD physics may affect the derived properties of the AGN population. When discussing such properties, we assume that BH spin, and therefore η, are completely unknown.
The sample we analyze is the SDSS sample presented in TN12. It is based on the SDSS/DR7 data set (Abazajian et al. 2009 ) and includes a large number of sources in the redshift range 0.1-2. All BH mass measurements were obtained with the single epoch (or "virial") methoda well established method based on several successful reverberation mapping (RM) experiments. TN12 presented such mass estimates based on measured L5100 and FWHM(Hβ) (z < 0.75), or measured L3000 and FWHM(Mg II λ2798) (z > 0.5). Here we focus on three redshift groups, z = 0.1 − 0.25 (FWHM[Hβ]-based mass estimates), z = 0.6 − 0.75 (FWHM[Hβ]-based mass estimates), and z = 1.6 − 1.75 (FWHM[Mg II λ2798]-based mass estimates), and two mass groups, MBH ≃ 10 8 and 10 9 M⊙. The mass groups are defined to include sources where MBH is within ±0.15 dex of the chosen mass. The specific expressions that are used to calculated the mass are Eqs. 3 and 12 in TN12. We exclude sources with L5100 < 2 × 10 43 erg s −1 to avoid complications due to host galaxy contamination. This amounts to the omission of a few percent of the sources in the lower redshift groups.
The measured L5100, L3000 and MBH in TN12 were used to deriveṀ based on Eq. 1. We then obtainedṀ /MBH, L bol (disc) (which we refer to in other parts of the paper as simply L bol ) andṁ for three BH spins: a = 0 (stationary BH, η = 0.057), a = −1 (retrograde disc, η = 0.038) and a = 0.998 (maximally rotating BH, η = 0.32). Fig. 2 shows the distributions of these properties for the group of z = 0.6 − 0.75 and MBH ≃ 10 8 M⊙ sources, and compares them with the distribution obtained from calculating L bol by the method of TN12, who used the empirical bolometric correction factors of Marconi et al. (2004) Figure 3 presents the range and uncertainty on L bol in a somewhat different way. The diagram comparesṁ[standard] to the value oḟ m obtained by directly measuringṀ and assuming thin ADs with various assumed spin parameters (vertical axis). Large deviations froṁ m[standard], in some cases by up to an order of magnitude, are evident in all groups. The reason is that for a given BH mass, the standard assumption assumes bolometric correction factors that are only weakly dependent on L5100 or L3000 (e.g. Eq. 4). The thin disc model predicts a very different dependence of the bolometric correction factors which, for a given spin is proportional to (ṁ/MBH) 1/3 . The result is that in every mass group, there is a range of L bol (and thereforeṁ) where the two estimates agree, mostly because the bolometric correction factors in use are based on real observations of the most common AGN (usually those withṁ (standard) ∼ 0.1). However, each group also contains numerous sources that deviate substantially from this simplified calibration. As explained in §1, the plotted values along the vertical axis are likely to over-estimate forṁ> 0. 
Thin or slim accretion discs
According to Laor & Netzer (1989) , the thin disc approximation breaks down whenṁ exceeds about 0.3. More recent studies, based on an improved solution of the vertical structure of the disc (e.g. Sadowski et al. 2011 , and references therein)), reach similar conclusions and show the dependence of the limitingṁ on the BH spin. The limiting accretion rates in those calculations are in the range 0.1 <ṁ < 0.5. Here we are not interested in the details of the slim disc model (described in § 1) but rather in the fraction of such objects in the AGN population.
Because of this we adopt a single value ofṁ = 0.3 as marking the transition from thin to slim ADs. Figure 3 illustrates the large number of slim ADs at low and high redshifts. This is shown by horizontal and vertical lines marking the boundary ofṁ = 0.3 measured by the different methods. Evidently, there is a large number of such objects in three of the four panels of the diagram. More quantitative data are given in Table 2 , where we list the fractions of objects withṁ > 0.3 for various groups of BH mass and spin at two representing redshifts. The fraction of slim AGN discs increases with redshift which is not surprising given that the meanṁ for all size BHs in the SDSS and similar AGN samples increases with redshift up to at least z = 2 (TN12 and references therein).
So far we have considered the spin dependent value ofṁ which determine the transition from thin to slim discs. However, we are more interested in the cases where BH accretion must proceed via slim ADs. To obtain this, we use the most conservative assumption on the BH spin, a = −1, which will result in the smallest possibleṁ. If this assumption results inṁ> 0.3, then the disk must be slim. We find that even this conservative estimate results in a large fractions of slim ADs at all redshifts and most BH mass. For example, Table 2 shows that at z = 1.6 − 1.75 at least 93% of SDSS-detected BHs with MBH ∼ 10 8 MBH are suspected to be powered by slim ADs.
As explained in §1, SEDs of slim ADs are likely to deviate significantly from those of thin ADs. In particular, the radiative efficiency η is smaller due to photon trapping and has been estimated to behave like η ∝ṁ −1 . This makes slim ADS dimmer compared with model predictions based on thin disks with the sameṀ . There are other consequences regarding the X-ray radiation (i.e., steeper than ΓX = 2), the radiation pattern, and the bolometric correction factor b5100 which, above a certainṁ, no longer depends on BH spin and accretion rate. While all these issues are not very well understood theoretically, it is expected that the short wavelength SED of such objects will deviate, considerably, from the one predicted by the thin disk theory. Future studies of AGN will have to take these considerations into account when calculating the luminosity function of AGN, BH growth time, BH spin, the ionization of the gas around the active BH, and more. Here we only comment on two of these issues, namely BH growth times and spins. In the rest of this paper we continue to use the thin disc definition of η but note that beyondṁ ∼ 0.3, this represents an upper limit to the radiative efficiency.
The growth time of massive black holes
The directly measuredṀ provides the most meaningful way to estimate the typical growth time of active BHs at various epochs. We demonstrate this by considering exponential growth, i.e. constantṀ /MBH. A common expression used to compute the continuous growth time, (i.e. the growth time that does not including the activity duty cycle) is t growth ∝ η/(1 − η)/ṁ with an additional term which depends logarithmically on the seed (beginning of growth) BH mass. A big uncertainty in calculating this time is the need to useṁ[standard] instead ofṁ which is not known because of the unknown η. This introduces a large uncertainty due to the combination of the unknown bolometric correction factor and η/(1 − η). Our calculations show that the combined effect can easily amounts to a factor of 5 uncertainty in t growth . The assumption of a thin AD, and the directly measured value ofṀ /MBH, results in a more accurate expression,
which removes a big part of the uncertainty, because the range in 1/(1 − η) is a factor of 1.7 at most. It is interesting to study the changes in t growth resulting from the use of this more accurate expression compared to the results of the older calculations. Fig. 4 shows two computed distributions of t growth /t(Universe), where t(Universe) is the age of the universe at the redshift of the object, for two redshift intervals, z = 0.1 − 0.25 and z = 0.6 − 0.75. In both cases older method withṁ [standard] . The results depend strongly on the redshift since all BHs with a given mass, including those chosen in this example, accrete faster at higher redshifts. In the lower redshift bin, on the bottom panel,Ṁ is relatively small and the actual, more accurate growth time is longer than what is obtained by usingṁ[standard] (i.e. growth times based onṁ [standard] are shorter than they really are).
In the higher redshift group, the meanṀ is larger and theṁ[standard]-based growth times over-estimate the real t growth 2 . Thus, previous growth time estimates for many BHs with large accretion rates must have been over-estimated in the past, especially at redshift larger than about 0.6. An interesting case concerns the most challenging example; the largest BHs at the highest redshift where there is less time to reach the observed MBH through continuous exponential growth. Our calculations show that for the sample in question, with z 2 and MBH∼ 10 9 M⊙, the two methods give similar t growth . The reason is that such BHs are characterized by a relatively smallṀ /MBH, even at z ∼ 2.
3.4Ṁṁ and BH spin
The previous discussion emphasized those cases where L bol [standard] under-estimates the real L bol for much of the population. However, there are cases where the opposite is true and mass accretion is so slow that it raises a sever question about the validity of L bol [standard] . Consider the slowest accreting, most massive BHs. Our AD-based calculations show that for a significant number of such sources
2 regardless of what value of spin we assume. These objects are the ones with the lowestṀ /MBH in each mass and redshift bin and their fraction is higher among larger BHs. An example is shown in Table 1 where all possible spins in the MBH=10 9 M⊙, m=0.03 group result in AD-based bolometric correction factors that are smaller than the standard b5100. Either accretion through a thin AD is not a viable model for such objects or else the standard method of estimating bolometric luminosities breaks down. We suspect the latter is correct because standard bolometric correction factors, like the ones derived by Marconi et al. (2004) , are based on observations of a small number of sources with accretion rates typical of AGN discovered in large and shallow samples. In most such cases,ṁ ∼ 0.1, i.e. an order of magnitude or more larger than the accretion rates of the massive BHs in question. As explained, the standard b5100 or b1400 do not depend on BH mass while in thin ADs with a given BH spin, the bolometric correction factor depends on (ṁ/MBH) 1/3 . At large MBH and smallṁ, the difference between the two estimated values of L bol can be significant. Evidently, the use of standard bolometric correction factors has its limitation and extreme cases of very massive, slowly accreting BHs represent one group of sources where such approximations fail. Assume now that all very massive, slowly accreting BHs in our sample are indeed powered through thin ADs. These sources are included in the SDSS sample because of their strong and broad emission lines. This means that the fraction of the total luminosity emitted in the hydrogen Lyman continuum, L(E > 13.6 eV)/L bol , must exceed a certain value or else the emission lines would be too weak to detect. There have been numerous studies of this fraction based on the comparison of the combined energy of all broad emission lines and the estimate of the covering fraction (C f ) of the ionizing source by high density material in the BLR (e.g. Netzer 1985; Collin-Souffrin 1986; Korista et al. 1997 ). Here we address these issues in relation to the slow accreting, high mass BHs.
Standard BLR modelling suggests that C f ∼ 0.1 with a likely range of 0.1-0.3 (see Netzer 2013 , and references therein). We can use this estimate to calculate the equivalent width (EW) of the strongest broad lines in a BLR which is ionized by the radiation of a central AD. We have carried out several such calculations using the photoionization code ION (see e.g. Netzer & Marziani 2010) and assuming various SEDs typical of thin ADs for a range of BH mass and accretion rates, and for various ionization parameters. The EW of all strong emission lines were calculated and the possible detection by SDSS-like sample evaluated taken into account the redshift (which determines the observed wavelength range and hence the lines most likely to be detected). As an example, consider a BH with MBH = 10 9 M⊙ and L (E >13.6 eV) /L bol = 0.1 in the center of a BLR with C f = 0.3, which we consider to be close to the upper limit of the covering factor distribution. We assume very weak X-ray (0.1-100 keV) emission, that does not contribute more than 3% to the total radiation. This assumption is in agreement with the known decrease in the relative luminosity of an X-ray power-law with L bol . For an ionization parameter of 10 −1.5 and gas density of 10 10 cm −3 , typical of the assumed conditions over most of the BLR, we obtain EW(Hα)∼ 65Å, EW(Hβ)∼ 10Å, EW(Mg II)∼ 3Å, EW(CIII]λ1908 + SiIII]λ1895) ∼ 4Å and EW(Lyα)∼ 40Å, all in the rest-frame of the source. These numbers are insensitive to the exact value of the ionization parameter or the gas density.
For a virialized BLR gas,
5100 , where α ∼ 0.5−0.7 is the slope of the RBLR−L relationship. Inserting known constants we get FWHM(Hβ)≃ 1700 MBH/10 8 M⊙ 1/2 L bol /10 46 erg s −1 −1/4 km s −1 (see Netzer 2013, eqn. 7.22 ). The typical numbers for the objects in question, with large MBH and lowṁ, is FWHM(Hβ)∼ 12, 000 km s −1 . Such low EW, very broad emission line objects, will not be identified as type-I AGN by SDSS-like surveys unless at very low redshift, to detect Hα, or at high enough redshift to detect Lyα. Thus, many low accretion rate high mass BHs are not going to be discovered unless L (E > 13.6 eV) /L bol > 0.1. Table 1 lists the fraction of ionizing radiation in thin AD models with various BH masses, accretion rates and spins. The table shows the strong dependence of L(E > 13.6 eV)/L bol on BH spin typical of such models. The most extreme cases with the lowestṁ are indeed below the cut-off required to produce lines that are strong enough (assuming C f < 0.3) to be detected by SDSS-like samples. To further illustrate this point, we consider the group of SDSS sources with MBH ≃ 10 9 M⊙ and z = 0.6 − 0.75.6 and calculated the minimum value ofṁ which determines this ionization limit in 4 spin groups, a = −1, ,a = 0, a = 0.7 and a = 0.998. The case of a = 0.7 was chosen because it corresponds to η = 0.104, close to the value of 0.1 used in various studies about AGN and BH evolution. We calculatedṁ and L(E > 13.6 eV)/L bol for all sources and constructed cumulative density functions (CDFs) ofṁ for each of the spin groups. The results are shown in Fig. 5 . The four vertical lines in the diagram, with colors corresponding to the spin group colors, mark the value ofṁ(a) (hereafter "limitingṁ") corresponding to L(E > 13.6 eV)/L bol = 0.1. All sources to the left of the line in the spin group in question do not accrete fast enough to produce the minimally required fraction of Lyman continuum luminosity. The percentage of these sources are: 100% for a = −1 (limitingṁ = 0.1), 98% for a = 0 (limitingṁ = 0.05), 76% for a = 0.7 (limitingṁ = 0.014) and 4% for a = 0.998 (limitingṁ = 0.0025). The results of this simple statistical analysis suggest that in this mass and redshift group, more than 98% of the sources must have a > 0 and more than 76% must have a > 0.7. Thus, most of these BHs spin very fast, with spin parameters very close to the highest possible value of a = 0.998.
The present analysis is not meant to identify specific BHs with large spin parameters. Such attempts have been made in other studies, mainly by detailed analysis of individual sources that show signs of relativistically broadened Fe-Kα lines or objects with unusual radio properties. These attempts have revealed a large range in BH spins, but did not result in clear relations between the BH spin and other AGN properties (see, e.g., Reynolds 2013, and references therein). Instead, we point out the properties of a certain group of SDSS sources, identified as type-I AGN, and argue, on statistical grounds, that many of them must contain fast rotating BHs. We can think of two possible explanations for the unusual spin distribution of these sources. One is related to their large mass that can hint to the final stages of the growth process. It suggests that in most active, very massive BHs, the accretion rate goes down in time towards the end of the final accretion episode. According to this scenario, we are witnessing the last accretion episode which lasted long enough to spin-up the BH close to the maximum possible speed. The second, perhaps more likely possibility is related to selection effects. The assumption is that the general population of large BH includes both fast spinning and slow spinning BHs. However, the broad emission lines of the slowly spinning sources are not strong enough to allow their detection by the SDSS and similar sensitivity spectroscopic samples. Finally we mention the population of "lineless AGN", those sources with a strong AGN-like continuum but extremely weak emission lines (so-called WLQs; see, e.g., Fan et al. 1999; Diamond-Stanic et al. 2009; Shemmer et al. 2009 , and references therein). Of the various explanations proposed to these intriguing sources, the one suggested by emphasizes the possibility that the lines are weak and very broad because the BH mass is large and the accretion rate too small to produce significant ionizing continuum radiation. This is naturally related to the large mass, low accretion rate objects considered here. However, our approach is different and based on the likelihood of detecting such sources in big spectroscopic sample. In addition, did not investigate the global spin and accretion rate distribution of such objects.
SUMMARY AND CONCLUSIONS
The calculations presented here are based on the assumption that all AGN are powered by accretion through thin or slim ADs. We follow the (slightly modified) recipe to estimateṀ for many SDSS AGN with measured MBH but unlike their work, we used the AD theory to deduce the acceptable range of L bol and L/L Edd (orṁ) in these objects. We make use of the lowest allowed value of η to obtain a conservative lower limit onṁ which enable us to draw the line between thin and slim ADs. This is then used to estimate the fraction of slim ADs in the general AGN population. Finally, we looked at the two extremes of theṁ distribution and investigated the consequences to BH growth times and BH spin. The main results can be summarized as followed:
(i) The distributions of L bol andṁ in the AGN population is broader and more uncertain than assumed so far. This is the result of the large uncertainties associated with currently-used bolometric correction factors that are based on objects that are more easily detected by large spectroscopic samples, and do not take into account the large range of possible BH spins. The AD assumption leads to the conclusion that many AGN emit considerably more energy than currently assumed.
(ii) Slim ADs, defined here as those systems withṁ > 0.3, are very common among AGN at all redshifts and most BH mass groups. For example, the fraction of such AGN among SDSS sources at z = 1.6 − 1.75 with MBH∼ 10 8 M⊙, is larger than 90%. In all such cases, the actual L bol andṁ are likely to be below what is assumed here (and in other works onṁ) because of the saturated luminosity of slim ADs.
(iii) L/L Edd [standard]-based estimates of the continuous growth times of a very large number of BHs are either too long (at the higḣ M /MBH end) or too short (at the lowṀ /MBH end). Correcting these estimates is essential for improving the understanding of BH and galaxy evolution.
(iv) Some AGN, especially those with the largest mass and lowestṀ , must emit significantly below what is assumed when using lumi-nosities that are based on bolometric correction factors (L bol [standard] ). This is true even if η is the maximum allowed by the thin AD theory. As shown above, this leads to the conclusion that many SDSS sources with such properties contain fast spinning BHs.
A recent work by Wang et al. (2013) demonstrates the potential use of slim AGN discs as "cosmological candles". This is based on the idea that above a certain value ofṁ (∼ 1), the bolometric luminosities of such objects are proportional to the BH mass with only a very weak dependence onṁ. These ideas ought to be established theoretically and experimentally. Our study, which is based on virial-type estimates of BH masses, indicates that there is no shortage of such systems at all redshifts up to at least z = 2. The recent paper by Pu et al. (2013) takes this idea one step further and shows, by direct reverberation mapping based measurements of MBH, that such systems exist at low redshifts. It remains to be seen whether this can be extrapolated to higher redshifts and be used to derive distances to active BHs that are powered by slim ADs.
